Objective: an integrative review of the treatment of oral candidiasis, root caries and xerostomia among the elderly population, focusing on Primary Health Care, was carried out. Method: scientific articles were collected from the MEDLINE/PUBMED database using the keywords "Geriatric dentistry" and "Oral health", crossed with corresponding descriptors, together with specific terms for the pathologies studied, and with "the clinical trial" filter activated. The abstracts of the articles were read by three researchers. Result: oral candidiasis: six randomized clinical trials and one quasi-experimental design study, on the treatment of prosthetic stomatitis by medication and/or the disinfection of dentures by different techniques, were identified; root caries: three randomized clinical trials were included, which tested the use of mouthwash with chlorhexidine solution and oral hygiene instruction associated or otherwise with other drugs; and xerostomia: two articles were analyzed using various medications, and the functional massage of the salivary glands and associated muscles. Conclusion: The results demonstrate a variety of treatment options for the studied clinical situations, although these should be adapted to the characteristics of the services and the population, as standard treatment in Primary Health Care has not been established. Strategies based on soft technologies, such as health education, seem to provide good results. The present study provides additional knowledge for health professionals in search of more resolutive and qualified dental care for the elderly in primary health care.
INTRODUCTION
Oral health care in Brazil has historically prioritized the health of schoolchildren, leaving population groups such as the elderly on the margins of public policies in this area 1 . This group of patients has become a serious public health problem, and the increased longevity and the high disease burden of the elderly population in Brazil have brought several problems related to the dental care of these patients to the fore.
The dental care of the elderly becomes more complex given the demographic transition of population aging in Brazil over the last 50 years, a phenomenon which has occurred in parallel with the epidemiological transition 2 . As mortality from infectious diseases decreases, the life expectancy of the population increases, as people are exposed for a longer period to risk factors and the prevalence of chronic-degenerative diseases increases 3 . This causes the health-disease profile of the population to change, requiring the reorganization and restructuring of health systems to meet this different type of demand 4 .
This fact can be observed in an epidemiological survey which showed that the elderly population had a decayed, missing and filled teeth index (DMFT) of approximately 27, which is extremely high, with a predominance of the "missing" component and a major need for prosthetic rehabilitation. The proportion of individuals aged 65 to 74 years who did not need some type of dental prosthesis was only 7.3%. This situation is a reflection of the old invasive odontological practice, which did not emphasize conservative treatments and the prevention of injuries 5 .
Although public policies have been reorganized and reoriented through emphasis on the role of Primary Health Care (PHC) and the shift of the coordination of care to this level, the inherent complexity of health care among the elderly population poses challenges to the work of PHC health teams.
PHC is the first level of care provided by the health system and aims to resolve the most frequently occurring problems among the population 6 . In Brazil, the number of dentists in basic care has increased considerably, also improving the use of oral health services 7 .
Despite the advances achieved in terms of increasing the public dental service, there are many difficulties in the organization of oral health care for the elderly. According to Oliveira et al. 8 , due to the model of oral health care instituted in Brazil in recent decades, which features a predominance of exodontia in detriment of conservative procedures, the rate of edentulism in the elderly population has reached extremely high levels, as has as the presence of xerostomia 9 and root caries 10, 11 .
Xerostomia can be considered as the subjective complaint of dry mouth, and is clinically diagnosed through the sialometry test. Hyposalivation is considered salivary flow rates below 0.1 mL/min at rest or 0.7 mL/min under stimulation 12 . This condition can bring considerable oral discomfort and difficulty in chewing, swallowing, speaking and the wearing of dentures, as well as a burning sensation or even local pain, in addition to an increased chance of caries, candidiasis or other opportunistic infections 13 . The main cause of xerostomia in the elderly is the use of certain drugs, such as tricyclic antidepressants, sedatives, antihistamines and antihypertensive medication among others 12 . In addition to this factor, the functioning of the salivary glands can decrease with advancing age 13 .
In this context, Wolff et al. 14 report that the increased risk for the onset of the sensation of pain in the oral mucosa, candidiasis and dental caries is associated with salivary flow reduction.
In dentistry, the most significant fungus is a yeast belonging to the Candida genus. Under normal conditions, it is a commensal organism and is present in about half of the population, causing no apparent damage nor inducing inflammation in adjacent tissues. However, under certain host conditions, the fungus multiplies, penetrates tissues, causes inflammation and becomes a pathogen. Among the species of the Candida genus found in humans, Candida albicans is responsible for the majority of infections. Factors related to the change from commensal organisms to pathogens may be predisposing, such as alterations in the buccal environment (poor hygiene and xerostomia) 15 .
Turning to dental caries, Rösing and Jardim 16 consider these to be an increasing epidemiological problem due to the dental maintenance throughout the life of individuals. The authors emphasize the importance of the careful observance of this problem by dentistry professionals and the adoption of effective preventive and restorative approaches to this clinical situation from adulthood onwards 17 .
From this perspective, the need for professional training and the stimulation of the practice of evidence-based dentistry is fundamental. It is imperative that PHC oral health teams are able to correctly diagnose and treat the most common oral problems in the growing elderly population, considering the uniqueness of the physical and mental condition and the complexity of the dental treatment of these individuals 4. The present study therefore aimed to present an integrative review of the treatment of oral candidiasis, root caries and xerostomia, with a focus on PHC.
METHOD
A literature search was conducted of articles dealing with the treatment of oral candidiasis, root caries and xerostomia among the elderly population, irrespective of comorbidities. The MEDLINE/ PUBMED, BIREME, LILACS and SciELO databases were used to achieve this. No articles were found in the BIREME, LILACS and SciELO databases that dealt with the subjects chosen based on geriodontics and with a focus on PHC.
The descriptors "Geriatric dentistry" and "Oral health" were chosen for the search and were crossed with the descriptors of the three pathologies, including all the respective "entry terms" in this crossing. In the search for candidiasis only, the crossing with "Oral health" was removed, due to the low number of articles that were found. Articles published in the period from 01/2004 to 10/2016 were included. The "Clinical trial" filter was activated in all searches. Articles were not excluded based on the language of the publication.
For the search in the MEDLINE/PUBMED databases, in relation to candidiasis the terms "Geriatric dentistry" [Mesh] OR "Dentistry, Geriatric" OR "Dental Care for Aged" OR "Dentistry for Aged" OR "Aged, Dentistry for" OR "Dental Care for Elderly" AND ("Candidiasis, Oral" [Mesh] OR "Candidiases, Oral" OR "Oral Candidiases" OR "Oral Candidiasis" OR "Thrush" OR "Moniliasis, Oral" OR "Moniliases, Oral" OR "Oral Moniliases" OR "Oral Moniliasis") were used.
In the same database, for the search on root caries, the terms "Geriatric dentistry" [Mesh] OR "Dentistry, Geriatric" OR "Dental Care for Aged" OR "Dentistry for Aged" OR "Aged, Dentistry for" OR "Dental Care for Elderly" AND ("Oral Health"
[Mesh] OR "Health, Oral" AND ("Root Caries"
[Mesh] OR "Caries, Root" OR "Caries, Cervical" OR "Cary, Cervical" OR "Cervical Cary" OR "Cervical Caries")) were used.
For the search on xerostomia, we used the terms "Geriatric dentistry" [Mesh] OR "Dentistry, Geriatric" OR "Dental Care for Aged" OR "Dentistry for Aged" OR "Aged, Dentistry for" OR "Dental Care for Elderly" AND ("Oral Health"
[Mesh] OR "Health, Oral" AND ("Xerostomia" [Mesh] OR "Xerostomias" OR "Hyposalivation" OR "Hyposalivations" OR "Asialia" OR "Asialias" OR "Mouth Dryness" OR "Dryness, Mouth")).
Summaries of all the articles found were read by three independent researchers who excluded those which did not deal with subjects related to geriodontics, or were not within the scope of PHC activities or had obvious methodological problems in terms of the items on Cochrane's checklist (reference) described by Carvalho et al. 18 . The selected articles were characterized according to design, place of research, year of publication and the results found.
RESULTS

Oral Candidiasis
The search for candidiasis resulted in 22 articles. The abstracts were analyzed by three examiners, who excluded 10 articles, leaving 12. After reading the articles in full, four were excluded due to methodological problems or the age group of the sample. Eight articles remained for analysis.
The papers on candidiasis comprised seven randomized clinical trials and one quasi-experimental study. The study samples ranged from 27 to 215 patients. The randomized clinical trials included different treatment proposals for denture-related stomatitis. In four studies, different drug treatments were tested, while in two only types of disinfection of dentures were tested as a treatment for candidiasis. In one study, drug therapy and a form of denture disinfection were tested. Another study evaluated the effect of daily probiotic use on the prevalence of Candida Albicans. Both the study by Neppelenbroek et al. 19 and the study by Webb et al. 20 addressed only denture disinfection techniques as a form of candidiasis treatment, and both had positive results (Chart 1). The control group showed insignificant changes in the candida and aerobic bacteria counts on dentures. Both hypochlorite and microwave irradiation proved to be effective in combating candida-associated denture stomatitis. The three groups showed a significant reduction compared to pre-test. There were no significant differences between groups. Significant reduction in the prevalence of Candida Albicans in both dental biofilm and saliva ( p<0.05). There was no difference between gingival bleeding and dental biofilm levels.
Root caries
The search for articles on root caries (Chart 2) resulted in 14 articles: eight were excluded after reading the abstract and one was excluded after a complete reading, leaving five articles for analysis. The resulting articles are randomized clinical trials with samples of 266 to 1101 participants.
Wyatt et al. 21 tested the impact of regularly chewing a solution of chlorhexidine 0.12% among 550 elderly persons. All dental and crown surfaces were monitored for five years. Regular use of mouthwash was not effective in preventing new root caries.
Two studies had positive results for the prevention of root caries. Tan et al. 22 tested four methods of preventing new root caries in 306 elderly people with at least five teeth in their mouths. The three agents tested (the application of chlorhexidine 1% varnish every three months, 5% sodium fluoride varnish every three months and the silver fluoride diamine (SFD) solution 38% annually -all combined with oral hygiene instruction) were found to be effective at preventing root caries.
Zhang et al. 23 evaluated the effect of SFD and education on the prevention and paralysis of root caries in 266 elderly people with at least five teeth with exposed roots in the mouth. In addition, the study evaluated the synergistic effect of the Oral Health Education Program (OHEP) and SFD. The patients were accompanied for 24 months. The results showed that the biannual application of SFD and OHEP is more effective at preventing and paralyzing caries than only oral hygiene instruction, with a synergic effect between the two.
Cruz-Gonzalez and Zuluaga
24 evaluated the effect of using the atraumatic restorative technique (ART) in comparison with the conventional technique in terms of the survival rate of the restorations. The authors suggest that ART is the technique of choice for the treatment of root caries in institutionalized elderly persons due to its high success rate and restoration survival rate (81%) after six months. In this same context, Mata et al. 25 described a survival rate of 85.4% in restorations performed with the ART technique after two years of followup in a randomized clinical trial performed with institutionalized elderly persons.
Xerostomia
Twenty-one articles about xerostomia resulted from the search, 16 of which were excluded after reading the abstract. After a complete reading of the articles, two were excluded, leaving three for analysis (Chart 3). In the test group: the tongue coating scores decreased; the amount of food debris in the oral cavity was reduced and dryness on the tongue was improved; the increase rate of salivary flow was greater; the period of time of the tongue being maintained in the forward position increased and the number of times for moving the tip of the tongue increased; pronunciation of words was clearer. Gil-Montoya et al. 26 conducted a pilot study with 20 participants, which evaluated the clinical efficacy of a mouthwash and gel containing antimicrobial proteins, lactoperoxidase, lysozyme and lactoferrin in elderly patients with hyposalivation accompanied by xerostomia. Some symptoms improved with the test solution and others with the placebo, with no definitive result.
Chart 3 -Description
Hakuta et al. 27 evaluated an oral functionality promotion program for the elderly in Japan, which consisted of facial and tongue exercises and massage of the salivary glands. The intervention group exhibited an improvement in the salivary flow rate, in addition to other functional gains. Recently, Ohara et al. 28 performed a similar study using OHEP with 47 elderly patients with xerostomia. The authors demonstrated that educational strategies (oral hygiene instruction, salivary gland massage and muscular exercises for the tongue and face) are effective for the control of xerostomia. However, the test group did not exhibit a different result from the control group after three months of observation.
DISCUSSION
Candidiasis is the most common fungal infection of the mouth in humans and has varying degrees of severity 13 . The use of dentures is a modifying factor of the oral environment that is strongly related to infection 29 . Dentures alter the oral condition by reducing pH, salivary flow and the contact of the tongue with tissues, as well as factors such as poor hygiene and the permanent use of the prosthesis during the night 29 . In addition, the acrylic surface serves as a reservoir for potentially pathogenic microorganisms, aggravating infection and allowing reinfection after treatment 30 .
The management of denture-related stomatitis is complex due to its multifactorial etiology 13 . Several drugs alleviate the symptoms and clinical signs of the infection, but are not sufficient to eradicate the fungus from the dentures, causing high recurrence rates due to reinfection 31 . In addition, systemic agents, such as ketoconazole, fluconazole and itraconazole may produce varied adverse effects and drug interactions 32 .
Although many studies have found a high rate of resistance to this drug, nystatin is still the first-choice treatment for candidiasis, and has been adopted by the Ministry of Health 33 . The studies by Catalan et al. 34 and Mima et al. 35 compared alternative therapies with Nystatin, and found equally positive results. The first tested the antifungal effect of the topical use of Melaleuca alternifolia and the second tested photodynamic therapy for the disinfection of dentures. Although the results were similar to nystatin, more research is needed on these subjects, as the studies have small samples. In addition, photodynamic therapy is expensive for consideration as treatment at a populational level. On the other hand, the proposed use of probiotics described by Kraft-Bodi et al. 36 could represent an interesting therapeutic strategy in this population, in view of its effect on the reduction of strains of Candida Albicans.
Two studies included in this review show that disinfection of dentures without systemic or topical treatment was sufficient to treat candidiasis and recurrence. This represents a much more conservative line of treatment, with little intervention and drug use, compatible with the public health reality of Brazil.
The study by Neppelenbroek et al. 19 tests microwave irradiation disinfection, which seems a highly promising method, but there is a need for more studies on the subject. Microwaves, when misused, can irreversibly damage dentures due to the increase in temperature 37 , and can be very harmful to the user. In addition, different power and time protocols for handling the microwave apparatus must be tested to maximize results and minimize risks.
The study by Webb et al. 20 seems to be the most important among the studies found in relation to cost-benefit. It showed that immersion in a solution of water and sodium hypochlorite has the same disinfection power as the microwave technique, and is a much safer and cheaper approach.
In public health, priority should be given to the use of less invasive alternatives in the treatment of denture-related stomatitis, such as the recommendation of denture removal for sleeping, denture hygiene instructions and immersion of the dentures overnight in a solution of water and sodium hypochlorite. Medications should be used if there is no improvement following previous recommendations.
Most of the existing studies regarding caries address the disease in a younger population 38 , but more studies on root caries are now emerging, especially regarding the elderly population. Root caries occur due to the presence of plaque and food debris on the root surface of the teeth and are more prevalent among the dentate elderly, as the roots of the teeth tend to be exposed due to the sequelae of periodontal disease or the loss of insertion caused by age 39 . The World Health Organization recommends that countries urgently adopt strategies to improve the oral health of the elderly population, as dental treatment is the fourth most expensive type of treatment in industrialized countries, and successful prevention strategies are not implemented many nations will be unable to meet the cost of the necessary treatments for the population 40 .
In a large scale epidemiological survey of Brazilian oral health, a low level of root caries was found in the population aged 65 to 74 years, although the small number of remaining teeth in the population in this age group should be considered. Large differences among the regions of the country were verified, with the root caries index in the north and centerwest regions equal to twice the other regions of the country 41 . However, studies from other countries show a much higher prevalence, varying from 10.1% to 40.6%, with an average incidence among surveyed nations of 23.7% 42 .
Both the article by Tan et al. 22 and Zhang et al. 23 show very important and perfectly compatible results with the reality of the PHC , with low-cost, low-invasive and highly-resolutive techniques.
The article by Tan et al. 22 showed three types of treatment, compared to the control group, which featured only oral hygiene instruction. The methods tested proved to be quite effective in preventing new root caries and were simple to apply, allowing trained health professionals, other than dentistry professionals, to use them.
The study by Zhang et al. 23 also uses SFD, but the differential of this study is the result of synergistic action with an OHEP, which occurred every six months in 30-minute meetings. The main objectives of the OHEP were to reduce habits of snacking outside meal times, learn correct methods of brushing and the use of additional teeth-cleaning tools.
Few studies have tested sodium fluoride varnish and SFD in the treatment of root caries, but these two agents demonstrate great efficacy in caries prevention in children and adolescents 43 . The major disadvantage of using SFD is that the product blackens the surface of the teeth, which, even among the elderly population, must be considered in a culture that values aesthetics such as ours.
A systematic review evaluated the effectiveness of chlorhexidine varnish in the prevention of root caries, and found that the agent is effective and has a greater impact on patients who do not receive prophylaxis and hygiene guidance systematically and among the institutionalized elderly 44 . In terms of oral health education, several evaluations have shown that the combination of the use of cariostatic agents with a program is probably an effective technique to combat root caries in the elderly population 42 .
On the other hand, the treatment of xerostomia has been essentially palliative, with saliva substitutes, non-pharmacological topical stimulation with candies or chewing gum without sugar, lubrication of mucosal tissues (such as with olive oil), or even nocturnal humidifiers. There are proposals for the systemic stimulation of the salivary glands with sialogogues (silicone devices that stimulate salivation by chewing). In addition, the use of fluorides and antimicrobials in the prevention of caries and periodontal disease in these patients is common. 45 .
The study by Hakuta et al. 27 obtained excellent results with an oral functionality promotion program for the elderly. This consisted of six sessions of exercises of the facial muscles, tongue and salivary gland massage, with two sessions per month for three months. Although the reduction of xerostomia was not the sole objective of this program, it achieved good results in this respect. The type of strategy addressed in this study complies with the logic of health promotion, being a low cost and reproducible approach for the reality of PHC in Brazil.
There are few studies on improving the mobility of the tongue and lips, among other aspects of oral functionality. It is important to note that health does not only mean the number of teeth present and the level of oral hygiene. Functional activities such as tongue and lip skills and salivary flow are also important elements. Impairment of these functions reduces masticatory efficacy, increases the risk of nutritional deficiencies, and decreases the pleasure of eating and communicating. These factors all influence the quality of life of the elderly and can lead to social isolation 27 .
The growing number of dentists working in the Estratégia Saúde da Família (the Family Health Strategy), the increase in the number of elderly people in the population and the greater use of the public dental service emphasize that the adaptation of PHC to the needs of this population is required. Historically, dentistry is a science based on empirical knowledge, 46, 47 but current trends and the increasing number of research studies are contributing to the development of evidence-based dentistry.
It is important to highlight the limitations of the present study, starting with the literature review itself. The small number of articles resulting from the searches shows a lack of randomized clinical trials on the subjects addressed, especially from Brazil. The fact that most of the studies were excluded from the research after reading the abstracts shows that the studies on the subject do not follow a methodological standard and that the database used may need updating in terms of its descriptors, since several subjects appeared as search results. Consideration should also be given to publication bias, in which articles with positive results tend to be more published than articles with negative results. In this way, the results may be slightly overestimated.
CONCLUSION
The results demonstrate a variety of treatment options for the clinical situations highlighted, revealing that the characteristics of the services and population served should be evaluated, as a standard treatment for use in Primary Health Care has not been established. Strategies focused on mild, lowtech technologies such as health education seem to provide good results. The present study contributes to the knowledge of health professionals to provide increasingly resolutive and qualified dental care for the elderly in primary health care. It is suggested that more studies are carried out with a focus on primary care so that effective and adequate care protocols can be created for this population.
